Nondialyzable melanoidins, which were prepared from a glucose-glycine system at 95°C for 7, 26 and 44 hr, were subjected to NMRanalyses before and after ozonolysis. On 13C CP-MASNMR, signals in the regions of 10-50, 60-75, 105-115 (I), 130-140 (II), 170-180 and 190-205 (Ill) ppm were observed for the melanoidins. The signals of I, II and III completely disappeared on ozone-treatment. These findings indicate that the melanoidins were composed mainly of saturated and aliphatic carbons. The 13C NMRspectra of glucose (l-13C)-glycine melanoidins showed that C-1 carbons originating from glucose in the melanoidins were distributed at the positions of aliphatic alkyl methyl (IV), saturated, unsaturated or aromatic and carbonyl (V) carbons. The signals of IV and V disappeared on ozone-treatment. Studies using glycine-2-13C revealed that most of the glycine is incorporated into the melanoidins. On 15N CP-MASNMR,weak broad signals in the region of 0-70ppmand strong signals in the region of 70-120ppmwith a shoulder at 120-170ppm (VI) were observed for the melanoidins. The signals of VI disappeared on ozonetreatment. The main linkage of nitrogen (70 -120ppm) was remarkably shifted from that of the original glycine and was determined to be a conjugated enamine linkage.
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Melanoidins abundantly exist in food and biological environments. Therefore, they are very important from nutritional, physiological and environmental aspects. Nondialyzable melanoidins were prepared as described in the previous paper.5)
In order to measure 13C NMRand 15N CP-MASNMR spectra, glucose-l-13C (92%) and glycine-2-13C (90%) from the Division of Merck Frosst Canada Inc. and 15N-glycine (32%) from Shoko Tsusho Co., Ltd. were used, respectively. The browning reactions were performed at the ratio of 1/10 for 15N-labeled melanoidins prepared at 95°C for 44hr and of 1/1,000 for 13C-labeled melanoidins prepared at 95°C for 7 or 26hr, respectively, over the nonlabeled starting materials.
Ozonolysis of nondialyzable melanoidins. Ozone treatment was performed with a Nihon Model 0-3-2 laboratory ozonator as described in the previous paper.6) Each ozon-NMR,nuclear magnetic resonance; CP-MAS,cross polarization-magic angle spinning.
ated solution was reduced with sodium borohydride overnight. The ozone-treated melanoidins were fractionated on a membrane filter and the MW1,000-5,000 fractions were submitted to 13C CP-MASNMRanalysis and 15N CP-MASNMR,respectively, because these fractions were the most abundant.6) 13C CP-MAS NMRspectra. The spectra were obtained at 50. 1 MHzwith a Jeol-FX-200 pulsed spectrometer with cross polarization and magic angle spinning. The cross polarization time was 2msec and the recycling time 5 sec. The numberof scans was 300~600and the magic angle spinning rate was 3.6 kHz with Bullet type spinners.
15 NCP-MASNMRspectra. The spectra were obtained at 27.2 MHzwith a Jeol-GX-200 pulsed spectrometer with cross polarization and magic angle spinning. The cross polarization time was 4msec and the recycling time 5 sec. The number of scans was 440~520 and the spinning rate was 3.8 kHz with Bullet type spinners. Chemical shifts are expressed comparedto external ammonium nitrogen (0 ppm) of ammoniumnitrate.
13C NMRspectroscopy. The CMRspectra of 13C labeled melanoidins and ozone-treated nondialyzable 13C labeled melanoidins were recorded with a Jeol-FX-100 NMRspectrometer operating at 25 MHz.These spectra were recorded in D2O using 8,192 data points and a spectral width of 6kHz. C-13 chemical shifts were expressed with methanol or dioxane as an internal standard.
RESULTS
13C CP-MASNMRspectra of melanoidins before and after ozonolysis Figure 1 shows the 13C CP-MAS NMR spectra of nondialyzable melanoidins obtained from a glucose-glycine system before and after ozonolysis. From the results of measurementsby the INEPT method, the signals at 13 and 21 ppm were both assigned to methyl carbons. Figure 3 shows the 13C NMRspectra of nondialyzable melanoidins prepared from the glucose-glycine (2-13C) system at 95°C for 7
and 26hr before and after ozonolysis. The
NMRspectra of melanoidins prepared with the different reaction times of 7 and 26hr showed no significant differences.
Sharp signals in the region of 48~51ppm and broad signals in the region of 57-64ppm were observed. Weak broad signals around 5 -45 ppm were also found, which increased with the Figure 4 shows the 13C NMRspectra of dialyzable fractions of the glucose(l-13C)-glycine system at 95°C for 7 and 26hr. In both spectra, the signals originating from the C-l carbon of glucose were distributed in the wide region of 14~185ppm but differences were found between these spectra. In the case of7 hr reaction, the strong signals of 50~55ppm
were assigned to the C-l carbon of Amadori compounds. These signals markedly decreased on 26hr reaction and the intensity of the methyl and unsaturated carbons increased with the reaction time. For the dialyzable fraction on 26hr reaction, signals of nonreacted glucose 1-13C were not found. Signals in the regions 44 and 175ppm were assigned to two carbons of glycine on comparison with the 13C NMRspectra of the dialyzable fraction of the nonlabeled glucose-glycine system. 15N CP-MASNMRspectra of melanoidins before and after ozonolysis Figure 5 shows the 15N CP-MAS NMR spectra of melanoidins obtained from a glucose-15Nglycine system at 95°C for 44hr before and after ozonolysis. The main resonance in the spectrum of melanoidins was remarkably different from that of the starting material, 15N glycine. Weak broad signals in the region of 0-70ppm and strong signals in the region of 70-120ppm with a shoulder at 120-140 and 140-170ppm were observed for the melanoidins. On ozone-treatment, the signals in the region of 120-170ppm disappeared and signals in the region of 10 -60ppm newly appeared.
DISCUSSION
On the basis of the 13C CP-MAS NMR results (Fig. 1) , the signals could be grouped into four major regions: saturated carbons joined to carbon atoms or methyl carbons (10-50ppm), saturated carbons bound with oxygen or nitrogen (50-100ppm), unsaturated or aromatic carbons (100-160ppm), and carbonyl or carboxyl carbons (160-205 ppm). This spectral pattern is similar to the 13C CP-MAS NMRspectra for melanoidins prepared from a xylose-glycine system re- ported by Benzing-Purdie and Ripmeester.
3) The signals around 15ppm were assigned to terminal aliphatic methyl carbons. This peak was also observed for C-l labeled glucoseglycine melanoidins. That the signals disappeared on ozone-treatment indicates that terminal methyl carbons were decomposed to low-molecular compounds. In fact, 2-hydroxybutanoic acid had been identified after ozonolysis.6) The signals in the region of 20~50ppm are considered to be due to the methylene carbon of glycine, the methyl carbon of -COCH3and so on. These signals decreased on ozone-treatment of the melanoidins because of the formation of glycine and lowmolecular substances, as shown in a previous paper.6) The peaks around 70ppm are postulated to be due to the carbon adjacent to the oxygen or nitrogen atom. They were not affected by ozone-treatment, indicating a strong resistance to oxidation. These saturated and aliphatic carbons are supposed to comprise the principal skeleton or backbone of melanoidins. Moreover, that the signals around 110 and 132ppmdecreased on ozone-treatment is supposed to be due to the cleavage ofC=Cor C=N bonds. These unsaturated bonds are suggested to be important for the structure of the chromophore because the melanoidins were decolorized to the extent of 97%after ozonolysis.6) In previous studies,5'6) furan and phenol compounds were identified after hydrogen peroxide treatment but were not detected after ozone-treatment. Accordingly, the contents of heterocyclic compounds in melanoidins is speculated to be less. Kato and Tsuchida7) reported similar results to those described above. That no changes in the peak in the region of the carboxyl and amide carbons (172ppm) after ozonolysis was seen is considered to be due to the liberation of glycine and the formation of carboxyl groups. Since glycine has been hydrolyzed with a yield of 5.75% per melanoidin after ozonolysis,6) a part of the 172ppmsignals is assigned to the were assigned to the ketone carbon and disappeared on ozone-treatment. This would be due to conversion to low-molecular substances.
On the other hand, from the 13C NMR spectral results for glucose(1-13C)-glycine melanoidins (Fig. 2) , the C-l carbon of glucose was incorporated into various structures in melanoidin molecules. Especially, it is noticiable that the C-l carbon shifted the position of an unsaturated carbon (>*C=C< or >1C= N-). The change to a methyl group from a part Maillard polymers prepared from a glucoseglycine system reacted at pH 3.5. The broad peaks around 60ppmsuggest that the nitrogens of glycine partially form carbon-nitrogen double bonds of the tertiary or quartenary amine type, so that these characteristic signals disappeared on ozone-treatment. In fact, the C-2 carbon of glycine betaine appeared at 64ppm. Since a chemical shift of glycine-2-C in free glycine and peptides appeared around 43ppm, the shift of the peak on ozonolysis is considered to be due to the formation of an amide linkage through oxidation. The signals in the region of 14~lOOppmin the dialyzable fraction of the glucose(l-13C)-glycine system are due to those of the aliphatic low-molecular aldehyde and alcohol formed on the cleavage of glucose (Fig. 4) . However, ppmwhich disappeared on ozonolysis are estimated to be mainly due to -C=N<,from the NMRspectra of 13C labeled melanoidins (Figs. 2 and 3) . We postulate that pyridine and pyrazine-type nitrogen do not exist in the melanoidins, but the presence of pyrrole-type nitrogen is disputable.
In conclusion, the results obtained in the present investigation principally support the chemical structure for melanoidins postulated by Kato and Tsuchida,7) and furthermore, show the variable and complex structures of melanoidins. The structures around C-l carbons originating from glucose are deduced to be as follows: 1CH3CH2-1CH3CO-,^(H or OH)=XC < , HOOC-CPVNH-^CH < (this structure changes partially to HOOC-CH2-NH^CO-on ozonolysis), HOOC-CH2-NH = 'CH-, >N-1CO-and E^CO-. Anyway, further investigation on various kinds of melanoidins is necessary for elucidation of the structures of the chromophoreand the main skeleton of melanoidin molecules.
